We studied the influence of the number of sternotomy mechanical fixation points on deep sternal wound infection (DSWI).
INTRODUCTION
Although the incidence of sternal wound dehiscence following cardiac surgery via sternotomy is rare, it blights the success of the operation. Sternal dehiscence can be non-infectious (biomechanical failure occurring in 0.2-5%) or infectious (deep sternal wound infection-DSWI in 0.3-5%) [1] [2] [3] . Biomechanical failure is usually due to sternal wire cut-through [4] ; that is, sterile dehiscence; whereas DSWI is associated with the signs and symptoms of an infected surgical site. The reported mortality rate of patients suffering from DSWI has remained high and varies from 9.8 to 47% [3] . Patients who have survived following DSWI requiring surgical revision do not regain their quality of life [5] . Sternal wound complications are associated with intensive medical therapy, prolonged in-hospital stay and a high mortality rate [6] . The multitude of independent risk factors influencing the incidence of DSWI implies the complexity of the pathology [1, 2, [7] [8] [9] . Prevention of DSWI should be focused on achieving mechanical sternal stability and preventing infection. To our knowledge, there are few studies evaluating the impact of the number of sternal wire fixation points on DSWI [10] .
MATERIALS AND METHODS

Patients
Between September 2007 and February 2011, 2672 patients underwent standard peri-sternal stainless steel wire closure following first-time cardiac surgery via median sternotomy. Pre-, peri-and postoperative data were collected and recorded during the study period. Patients with a formal, preoperative diagnosis of osteoporosis (none of whom suffered DSWI) and sternal weave closure were excluded. All sterna were closed by a six-or seven-(light or heavy wires) gauge stainless steel wire; patients in whom other materials had been used to close the sternum were excluded from the study. The standard closure of the median sternotomy involved the use of peri-sternal, single or figure-of-eight sternal wires with a multi-twist closure. The number of fixation points was determined radiographically. The suturing technique and material for both subcuticular and subcutaneous closures were identical in all patients. In all coronary artery bypass graft (CABG) surgery operations, the left internal mammary artery (LIMA) was harvested. The patients who underwent bilateral internal mammary artery (BIMA) harvest had isolated CABG. Preoperatively, all patients received intravenous Cefuroxime 1.5 g as per the institution's protocol. Institutional review board approval was obtained for this study and the ethics approval was waived.
Definitions and techniques
The diagnosis of DSWI was based on the guidelines of the Centres for Disease Control and Prevention [11] when patients developed one or more of the following criteria:
(1) An organism is isolated from the culture of mediastinal tissue or fluid. (2) Evidence of mediastinitis is seen during sternal re-operation. (3) One of the following: chest pain, sternal instability, temperature more than 38°C is present and there is either purulent discharge from the mediastinum or an organism isolated from blood culture or culture of drainage of the mediastinal area.
None of the patients with DSWI were managed conservatively. Therefore, additionally a requirement of surgical intervention via the re-opening of the sternum was added to the definition of DSWI. Superficial sternal wound infection (SSWI) was defined as a wound infection limited to the skin and subcutaneous tissue [11] , requiring local surgical intervention with regular wound care, accompanied by antibiotic therapy and/or vacuum-assisted closure and/or wire removal.
Statistical analysis
Univariate analysis was performed using the χ 2 test. Logistic regression analysis was used to identify the independent risk factors. Continuous variables were expressed as mean ± standard deviation unless stated otherwise. Statistical analysis was performed using PASW software (SPSS Inc., Chicago, IL, USA).
RESULTS
Pre-, peri-and postoperative characteristics are presented in Table 1 . The mean age of the patients was 66 ± 11 and 1978 (74.0%) were male .The mean follow-up was 20.5 months with the range of 7-37 months. Forty patients (1.5%) developed DSWI within 14 ± 6 days following cardiac surgery via a median sternotomy. The predominant pathogen isolated from the sternal wound sample was Staphylococcus aureus, with a total of 25 (62.5%) positive samples; of these 25 patients, 17 (42.5%) cultured methicillin-sensitive staphylococci and 8 (20.0%) were methicillin-resistant. Six (15.0%) had coagulase-negative staphylococci, three (7.5%) Streptococcus species, two (5.0%) Bacteroides species, two (5.0%) Candida species and two (5.0%) Escherichia coli. In one patient, the wound culture was inconclusive. Patients with DSWI had an in-hospital stay of 41 ± 31 days, which was, on average, 32 days (95% CI: 22.38-41.62, P < 0.0001) longer than that of patients without DSWI. The surgical intervention for all DSWI patients was the re-opening of the sternotomy wound and debridement with or without sternal re-wiring and/or installation of an irrigation system. Nineteen (47.5%) sternotomies were rewired at the time of debridement, 16 (40.0%) were rewired following at least 1 week of irrigation of the mediastinum using iodine-based anti-septic solution and the remaining 5 (12.5%) underwent major surgical reconstruction of the anterior chest wall. Eight (20.0%) patients died following surgical revision: two (5.0%) patients died during the debridement immediately after the procedure due to the injury to the right ventricle, while six (15.0%) patients died 36 ± 14 days following the initial intervention. DSWI was significantly associated with a high mortality rate compared with non-DSWI patients (odds ratio = 9.87; 95% CI: 4.37-22.25, P < 0.0001).
Pre-, peri-and postoperative characteristics associated with DSWI were as follows: body mass index (BMI) ≥30, Canadian Cardiovascular Society (CCS) score 2 and 3, hypertension, triplevessel coronary artery disease (CAD) (flow limiting >50% diameter reduction), myocardial infarction (MI) <3 months prior to operation, intravenous nitrate infusion up to operation, BIMA harvest, operation time (incision to closure) >270 min, number of paired sternal wire fixation point ≤8, low cardiac output syndrome, postoperative intra-aortic balloon pump (IABP) requirement, postoperative inotrope infusion >24 h, postoperative gastrointestinal bleeding, postoperative upper respiratory tract infection, postoperative respiratory failure (hypoxia), postoperative mechanical ventilation >24 h and sepsis (Table 1) .
Multivariate logistic regression analysis confirmed the significance of the following independent risk factors inducing DSWI (Table 2) : sternal wires ≤8 (P = 0.002), intravenous nitrate infusion up to operation (P = 0.031), preoperative MI <3 months to operation (P = 0.001), intravenous nitrate infusion up to operation (P = 0.031), BMI ≥30 (P = 0.046), BIMA harvest (P < 0.0001), postoperative respiratory failure (P < 0.0001), sepsis (P = 0.019) and postoperative inotrope infusion (P = 0.007).
The use of heavy sternal wire and the figure-of-eight wiring technique was not significantly different in both groups: 9 and more vs 8 
DISCUSSION
Our study demonstrated a negative impact of DSWI on patient in-hospital stay and survival, which has been reported previously [2, 6, 9] .
In contrast with other studies [2, 7, 9], we did not find age, diabetes, chronic obstructive pulmonary disease (COPD), smoking, peripheral vascular disease (PVD), emergency operation, type of operation, re-opening or postoperative blood transfusion to be significant predictors of DSWI. Our results demonstrated no association between the logistic EuroSCORE and DSWI, which may support the design of an alternative risk model capable of predicting DSWI [7] .
Pre-and postoperative characteristics that indicate a potential ongoing ischaemic event such as triple CAD, CCS score of 2 and 3, preoperative MI, intravenous nitrate infusion up to the surgery, postoperative IABP, postoperative inotrope infusion [2] , low cardiac output syndrome and gastrointestinal bleeding were associated with an increased incidence of DSWI. An unstable haemodynamic state associated with ischaemia may impair the host immune system and the microcirculation of the tissues. This study also identified a high BMI as an independent risk factor; a high BMI augments the lateral forces separating the two halves of the sternum [4] . Postoperative respiratory failure and upper respiratory tract infection, in which hypoxia and cough are common features, significantly increased DSWI. Harvest of both IMAs, operation time and lower number of paired sternal wire fixation points increased the risk of DSWI. Postoperative sepsis may also increase the risk of DSWI.
Optimal wound healing requires haemostasis, an inflammatory response, cell proliferation and remodelling. Haemostasis and inflammation are the initial events involving multi-cellular chemotaxis followed by proliferation and remodelling phases [12] . Sternal instability may have an adverse impact on wound healing phases by delaying haemostasis and prolonging inflammation as well as disrupting formation of the extra-cellular matrix and epithelialization. Sternal union requires dependable biomechanical fixation. It is recognized that optimal sternal stabilization prevents the incidence of DSWI [13] . An unstable surgical wound, usually attributable to a technical fault, is a recognized risk factor for wound infection [14] . The lack of association of SSWI and DSWI supports the hypothesis that it is the sternal instability per se that is the main driver for the development of DSWI rather than the presence of micro-organisms in the more superficial layers of the wound.
The most popular biomechanical fixation of sternotomy is achieved by stainless steel wiring, which is simple, inexpensive and easy to use [4] . The standard single peri-sternal closure has been previously identified as a reliable strenal closure [15] . A suggested method of wiring is three single intra-manuburium accompanied by six single peri-sternal pairs of fixation point from which three pairs are applied on the one-third distal of the sternum (Fig. 1) as more dehiscence occurs at this area requiring more re-enforcement [4] . DSWI may be reduced by using nine or more paired fixation points when closing with standard peri-sternal stainless steel wires.
STUDY LIMITATIONS
The study is limited in that it is a retrospective, observational study rather than a prospective, randomised trial. However, all data were collected during the study period, and major factors related to sternal dehiscence were demonstrated on the analysis of multiple factors believed to be relevant to the condition. We did not measure the impact of the surgical team on DSWI. I read with interest the work of Shaikhrezai and colleagues, in which they elaborated on the influence of the number of sternotomy mechanical fixation points on deep sternal wound infection (DSWI) and stated that the reasons for adopting the method was its non-association with increased cut-through in the sternum, sinuses 
